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n China, there is a high incidence of cervical spondylosis, possibly because of the increased longevity of the population. [1] [2] [3] Therefore, injuries to the spinal cord in patients with cervical spondylosis are not rare. The term spinal cord injury without radiographic abnormality (SCIWORA) was coined in 1982. 4 It was used to describe spinal cord injury (SCI) without radiographic evidence of fracture or dislocation of the vertebrae in children. Currently, SCIWORA in adults with spondylosis is considered to be a central cord injury (CCI). 5, 6 As defined originally by Schneider et al 7 in 1954, the acute CCI is characterized by disproportionately greater weakness of the upper extremities than the lower extremities, variable sensory loss, and bladder dysfunction. However, the current authors have noted patients who showed greater motor impairment in both lower extremities compared with the upper extremities, and they defined this condition as atypical central cord injury in spondylotic SCIWORA (ACCISS). The clinical features, surgical methods, and outcomes of CCI have been described adequately, but those of ACCISS have not. Hence, the authors conducted a retrospective review to describe the clinical features and surgical outcomes of patients with ACCISS who showed greater motor impairment in both lower extremities compared with the upper extremities.
Materials and Methods
The study protocol was approved by the Ethics Boards of Tianjin Medical University (Tianjin, China). Between January 2006 and December 2011, 176 patients with preexisting cervical spondylosis who had cervical SCI were examined at the authors' institution. Patient records were reviewed retrospectively to determine patient age, imaging data, mental status, cause of injury, mechanism of injury, American Spinal Injury Association (ASIA) motor score, and Japanese Orthopaedic Association (JOA) motor score.
Inclusion criteria were evidence of degenerative spondylosis and no evidence of fracture or dislocation of vertebrae on plain radiographs and computed tomography (CT). Several patients were excluded from the study: 32 patients had associated severe injuries to the brain, peripheral nerves, or extremities; 9 patients had congenital stenosis of the spinal canal (diagnosis based on clinical impressions from radiographic studies [eg, Torg-Pavlov ratio, clear space in cerebrospinal fluid on magnetic resonance imaging (MRI)]; 10 patients died before follow-up; 38 patients had missing or incomplete radiographs or medical records; and 35 patients were diagnosed with CCI (the ASIA motor score in the upper extremities was not 10 points fewer than the ASIA motor score in the lower extremities). [8] [9] [10] The remaining 52 patients with ACCISS were evaluated for the study.
Patients received intravenous corticosteroids according to guidelines set by the National Acute Spinal Cord Injury Study. Methylprednisolone was prescribed as a bolus intravenous infusion (30 mg/kg of body weight) over 15 minutes within 8 hours of acute closed SCI, followed 45 minutes later by an infusion of 5.4 mg/kg of body weight per hour for 23 hours.
11
Surgical treatment was classified as an anterior approach or posterior approach. The former was used in patients with single-level cervical spondylosis or ruptured disks; the latter was recommended for patients with multilevel spondylosis or compression caused by posterior elements.
Neurologic status was evaluated by the ASIA and JOA motor scores (range, 0-17). The ASIA motor score is based on 10 key muscles on each side, with a total maximum score of 100. Scores were measured at preoperative assessment and final follow-up. Neurologic improvement was expressed by the recovery rate:
Recovery rate=(postoperative score− preoperative score)/(maximum normal score−preoperative score×100%).
Patients were divided into 3 groups: those undergoing early surgery (less than 24 hours after injury), those undergoing late surgery (more than 24 hours after injury but during initial admission to the hospital and within 3 weeks from injury), and those undergoing delayed surgery (during second admission to the hospital, within 3 months but later than 3 weeks from injury). Seventeen patients underwent early surgery, 22 underwent late surgery, and 13 underwent delayed surgery.
Statistical analyses were undertaken using SPSS version 18 statistical software (SPSS Inc, Chicago, Illinois). Paired t test was used to compare pre-and postoperative scores. Statistical comparison of the recovery rate between 3 groups was calculated using the Kruskal-Wallis test. A P value less than .05 was considered significant.
results
Fifty-two patients with ACCISS who fulfilled the inclusion criteria were evaluated. Twenty patients were women and 32 were men. Mean patient age was 63.8 years (range, 51-83 years). Mean follow-up was 15±6.5 months (range, 5-33 months).
Imaging evaluation comprised plain radiographs, CT, and MRI. Evidence of fracture or dislocation of vertebrae was not found on plain radiographs or CT, but cervical degenerative changes with definite canal stenosis were seen in all 52 patients ( Table 1) . All patients had an area of increased intensity in the cord signal (edema or hematomyelia) on T2-weighted MRI of the cervical spine. Magnetic resonance imaging also showed that 30 patients had hemorrhage under the anterior longitudinal ligament, 10 had hemorrhage in the interspinous ligaments, and 7 had hemorrhage in both. Computed tomography and MRI of the cervical spine in a typical patient are shown in the Figure. Injury levels and their distribution (the center of the high signal in the spinal cord to which the disk level corresponded) among patients with ACCISS are shown in Table 2 . The C4/5 segment was the most common level of injury. Hyperextension injury and vertical injury were the main mechanisms of injury in these patients. Forty-nine of the 52 patients had injuries to the forehead or face (bruise or scratch).
The most common cause of injury was motor vehicle accident (vehicle collision, sudden braking, or head hitting the roof of the vehicle) ( Table 3) . Of the 52 patients with ACCISS, 23 showed transient loss of sensorimotor function before they were brought to the emergency department. After injury, 32 patients had hyperalgesia or extreme burning sensations on the hands (19 had hand edema), but all showed a greater neurologic deficit in the 2 lower extremities compared with the 2 upper extremities. Twenty patients with injury to the forehead or face were diagnosed with incomplete SCI at the second examination. Before injury, no patient had neurologic dysfunction, but 39 patients had transient numbness of the hands. In addition, no patient had undergone surgery intervention to treat preexisting cervical spondylosis. Thirty-four patients had slept less than 5 hours (mean, 3.0±1.5 hours) before sustaining cervical SCI, and 13 patients were under the influence of alcohol at the time of injury.
Seventeen (32.7%) patients underwent early surgery (less than 24 hours after injury), 22 (42.3%) underwent late surgery (more than 24 hours after injury but during initial admission to the hospital and less than 3 weeks from injury [mean, 10.2 days]), and 13 (25.0%) underwent delayed surgery (during second admission to the hospital, within 3 months but later than 3 weeks from injury [mean, 57.9 days]). Twenty-three (44.2%) patients underwent surgery in which an anterior approach was used for decompression and fusion, and 29 (55.8%) underwent a posterior laminoplasty.
Mean ASIA and JOA scores at admission were 57.2±10.1 and 7.2±2.1, respectively. Mean ASIA and JOA scores at final follow-up were 86.1±6.2 and 13.0±1.4, respectively. Overall mean recovery rates of ASIA and JOA scores were 68.6%±8.2% and 60.2%±8.3%, respectively. Significant improvements in ASIA and JOA scores were seen (P<.01). Average neurologic score and recovery rate of each group are shown in Table 4 and Table 5 , respectively. No significant difference in recovery rate was identified between the groups with regard to the timing of surgery (P>.05).
discussion
Patients with spondylosis resulting in SCI often demonstrate a pattern of deficit known as CCI. 12 A systematic review of the medical literature by Pouw et al 9 suggested that, for a patient to be eligible for the diagnosis of CCI, the ASIA motor score in the upper extremities should be 10 points less than that in the lower extremities. In the current study, 35 (40.2%) of 87 patients were diagnosed with CCI, and 52 (59.8%) patients were diagnosed with ACCISS. The main clinical feature was 
Figure:
Preoperative computed tomography (CT) scan (A) and T2-weighted magnetic resonance image (MRI) (B) and postoperative CT scan (C) and T2-weighted MRI (D) of a 62-year-old man admitted after a bicycle accident that caused an atypical central cord injury with spondylotic spinal cord injury without radiological abnormality (ACCISS) due to canal stenosis. His American Spinal Injury Association score was 46 at admission and 81 at 12 months after injury. Preoperative CT scan and MRI revealed degenerative canal stenosis from C4 to C7 and an intramedullary high signal intensity but no evidence of fracture or dislocation. The patient had posterior decompression of the spinal cord 11 days after ACCISS. that, although these ACCISS patients had upper-extremity symptoms, they showed a greater neurologic deficit in both lower extremities compared with the upper extremities ( Table 6 ). In 2009, Lenehan et al 13 reported a mean age of 56.1 years in 50 patients with traumatic CCI. In 2011, Aarabi et al 14 reported that 42 patients with a mean age of 58.3 years were diagnosed with CCI. In the current study, all patients with ACCISS were older than 51 years, and mean age at the time of injury was 63.8 years. The patients in the current study were older than "typical" individuals with CCI. The authors observed a pattern of ACCISS being more common than CCI in patients (average age, 63.8 years; range, 51-83 years) with cervical spondylosis who had SCI without radiographic evidence of fracture or dislocation of vertebrae. Compared with previous studies of CCI, this study's cohort, with its older age at onset, may be associated with non-CCI, which needs to be confirmed by clinical studies.
For approximately 25% of reported SCI patients, alcohol consumption is a factor in injury. 15, 16 Lenehan et al 13 reported that 36% of all patients with cervical SCI were intoxicated at the time of injury. In a study by Saruhashi et al, 15 15.2% of patients with SCI without radiographic evidence of trauma were under the influence of alcohol. In the current study, 13 (25%) patients were under the influence of alcohol at the time of injury. In addition, 34 patients had slept less than 5 hours (mean, 3.0±1.5 hours) before sustaining cervical SCI. The data suggested that lack of sleep may be a factor in cervical SCI, just as alcohol consumption is.
The timing of surgical decompression for SCI remains one of the most controversial topics pertaining to spinal surgery. Guidelines with respect to the timing of decompression surgery are lacking. [17] [18] [19] In the current study, the timing of surgical decompression was based on 2 parameters: how long it took for (1) the patient or his/her legally authorized representatives to realize that surgery was the best option and (2) the patient to be fit for surgery. In the early-surgery group, patients could tolerate surgery and agreed to receive surgical therapy. In the late-surgery group, patients were in poor physical condition. Late surgery allowed patients to improve their physical status before surgical decompression. In the delayed-surgery group, patients or their legally authorized representatives refused to agree to surgical decompression. Hence, these patients received only nonsurgical treatment during their initial admission to the hospital. However, they experienced neurologic deterioration after hospital discharge even with continued medical care in the outpatient department. Hence, they had to be readmitted to the hospital to undergo surgical treatment. Significant improvements in ASIA and JOA scores were achieved in all groups. Timing of surgery (less than 3 months) was not significantly associated with neurologic recovery.
Reviewing the literature revealed similar data. In 1998, Saruhashi et al 15 retrospectively studied cervical SCIs without 21 also concluded that surgical decompression for CCI was safe and that the timing of surgery did not affect outcome. The timing of surgical decompression for ACCISS has yet to be defined, but the current study's results support the notion that surgical decompression less than 3 months after injury is effective for patients with ACCISS.
For patients with ACCISS, neurologic symptoms were caused by 2 factors: lowenergy injury and cervical spinal stenosis. Injuries without fracture or dislocation of the vertebrae in the current study's patients were commonly precipitated by relatively low-energy trauma. Therefore, the SCIs of these patients were usually not severe. There is clear evidence that the severity of the primary injury is critical for determining the ultimate outcome after traumatic SCI. 17 Resumption of normal daily activities after surgery for patients with cervical spondylotic myelopathy is influenced by the duration of symptoms. 22 Yamazaki et al 23 suggested that excellent neurologic improvement could be obtained by surgical treatment in patients who had a stenosis in the spinal canal with a shorter duration of symptoms (less than 12 months). In the current study, the duration of symptoms was less than 3 months. A good prognosis may be because of incomplete SCI and comparatively early decompression for a stenosis in the spinal canal.
This study has limitations. First, it was retrospective and based on singlecenter research. Second, the authors did not compare the changes in areas of high signal intensity in the spinal cord on MRI before and after surgery. Finally, patients who died after surgery or who met the inclusion criteria but were treated nonsurgically were excluded from the surgical outcomes study, so results may have been skewed or misinterpreted.
conclusion
The pattern of ACCISS was observed to be more common than CCI in patients with cervical spondylosis who sustained SCI without fracture or dislocation of vertebrae. The findings of this study support the notion that surgical intervention in the setting of ACCISS is an effective management option. Timing of surgery (less than 3 months) was not significantly associated with neurologic recovery.
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